Abstract
The system is then described by the frictional geostrophic equations 140 −f v = −Ru − g ∂h ∂x (1a)
with boundary conditions 
where u, v and w are the velocities in the x-, y-and z-directions, respectively.
142
The constants R and g are a Rayleigh friction coefficient and the reduced should be constructed so as to ensure that the domain conserves its volume
146
(i.e. that the integral of w b across the whole domain is zero).
148
Since the problem is linear, we arrive at the solutions for u, v, h and w 
v(x) = − f R u(x) (3b)
This solution shows that the flow, u, along the x direction results from the flow. This is designed to mimic a hydrothermal vent field surrounded by 163 porous seabed through which the water re-enters the crust. To avoid discon-
164
tinuity in the boundary function and ensure volume is conserved, we set
where w 0 is the maximum velocity of the discharge, chosen to be 10 −7 ms −1 .
166
In line with the numerical simulations that will be presented in Section 3,
167
the distances from the centre of the discharge L 1 and L 2 are chosen to be 168 69 km and 347 km ( cally through the entire unstratified layer which, in our example, is meant to 3. Geothermally driven circulations with both conductive and hy-177 drothermal heat fluxes
178
Having discussed the circulation which could arise from volume fluxes 179 alone, we will now investigate the effects of adding heat into the system both 180 through the hydrothermal fluxes (in which the temperature of the discharge 181 is typically higher than that of the abyssal water) and via conduction. has not been heavily studied since, but has recently become the focus for in-
228
terdisciplinary research into interactions between the ocean and solid Earth.
229
Observations suggest that vertical mixing in the basin is negligible (Laird, 
270
This is partitioned into a conductive heat flux of C applied over a length 
The hydrothermal fluxes must be prescribed in the model either by their 291 temperature T 1 or their discharge rate v 1 and then, to preserve the prescribed 292 net heat flux, the unprescribed variable is calculated using either
We have made the choice of prescribing T 1 as T 1 = T b + ∆T , where
294
T b is the average ocean bottom temperature over the discharge area and
295
∆T is a prescribed positive anomaly which we vary from one experiment to 296 the next, thus allowing us to also explore a range of values of v 1 via (6a).
297
For each temperature difference ∆T , a set of five simulations were run with Looking at the distribution of temperature differences throughout the 381 basin between the purely hydrothermal and the purely conductive cases (Fig-382 ure 6e), we find that, while the average temperature is lower in the former,
383
the temperature is higher at the southern side of the basin near the seabed. lateral diffusion, which were not of great importance to our analysis. We 414 write the heat content relationship mathematically as
where
In the expressions above, µ = ρcp y N −y S is the multiplication factor which 417 ensures that these values are heat fluxes into the specified slab (with units of
418

Wm
−2 ) to remain consistent with our model's prescribed boundary condition.
419
Additionally, ρ is a reference density, c p is heat capacity, T is temperature, G 420 is average geothermal heat flux, v and w are meridional and vertical velocity,
421
and κ is vertical diffusivity. 
426
We ignore data from above 500 m depth as the surface restoring distorts the flux of 270 mW m −2 , calculated from the formula of Stein and Stein (1992) times the global average used in our model, and so the differences between 492 the two extreme model cases in the region could be even more significant 493 than those we have seen in our results.
495
We previously noted that the abyssal temperature and circulation in our Using a simple approach to this modelling was important in order to pro-509 vide a clear first look at the processes, but it does come with some limitations.
510
It is likely that areas of hydrothermal discharge and recharge are distributed 511 in a far more disorderly manner than the symmetric boundary condition we 512 implemented, creating far more complex flow patterns than in our simula- discernible difference between using conductive or hydrothermal heat fluxes,
549
so it would not be a worthwhile addition for projects with their focus here.
550
Deeper down, we see important differences in the heat distribution, but some 
